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Abstract. The V.3 data release from the Baker Creek Research Watershed documents hydrometeorological and hydrological 

conditions from 2003 to 2025. Baker Creek drains 155 km2 of subarctic Canadian Shield terrain in Treaty 11 in Canada’s 

Northwest Territories. Half-hourly hydrometeorological data are available from the three most common landscape types, 

including exposed Precambrian bedrock ridges, open black spruce forest and lakes. Hydrometeorological data include 

radiation fluxes, precipitation, temperature, humidity, winds, barometric pressure and turbulent energy fluxes.  Data from 10 

terrestrial sites include ground temperature and soil moisture.  Spring maximum snowpack water equivalent, depth and 

density data are included. Daily streamflow data are available for six nested watersheds ranging in size from 9 to 155 km2. 

These data are unique in this remote region and provide communities with an opportunity to advance understanding of the 

hydrological response of a subarctic watershed subject to a warming trend and precipitation cycles. The data described here 

are available from the Federated Research Data Repository at: https://doi.org/10.20383/103.01579 (Spence and Hedstrom, 15 

2026). 

1 Introduction 

Locations of sustained intensive hydrometeorological and hydrological observations and research in cold regions remain 

limited in number (Laudon et al., 2017).  These sites provide valuable data and information on the state of the environment 

as well as indicate emerging trends.  The simultaneous research of physical processes at these locations facilitates 20 

explanation of the state and prediction of the future fate of hydrometeorological and hydrological regimes.  As cold regions 

are warming faster than elsewhere on the globe (Manabe and Wetherald, 1975), observations and research are necessary if 

society is to detect and document the rate and consequences of change.  This information has repercussions for society 

including sustaining traditional uses of the land, water availability, transportation infrastructure, engineering design, and 

selection of water treatment methodologies.  25 

 

This situation is typified by the subarctic Canadian Shield.  It is relatively sparsely populated (~40,000) region but its sheer 

size (1.26 million km2) and geology make it an important resource of critical minerals.  Mining and hydroelectricity 

production are significant economic activities.  The region aligns with the discontinuous permafrost zone (O’Neill et al., 

https://doi.org/10.20383/103.01579


2 

 

2019; Gruber, 2012) and retains sizeable carbon storage in widespread peatlands.  These two characteristics make it 30 

particularly vulnerable to changes in hydrological and aquatic chemistry regimes (Spence et al., 2020) as less frozen ground 

can open new subsurface pathways for runoff and constituents (Lemieux et al., 2020).  How the climate and 

hydrometeorology behave here has consequences beyond its borders.  Areas with shallow shield geology occupy ~20% of 

the area that drains water to the Arctic Ocean so changes here can have influence elsewhere..  

 35 

These data constitute the only integrated hydrological and hydrometeorological small watershed dataset in the western 

subarctic Canadian Shield. Previous justification for building such datasets included providing data from poorly gauged 

regions for model calibration and validation.  The growing availability and advance of gridded climate products (e.g., CaSR, 

Gasset et al., 2021; ERA5, Hersbach et al., 2020) means today many modelling groups – especially large watershed 

modellers – rely less on observations.  However, gridded products in remote regions are still derived from a sparse 40 

monitoring network and there is little evidence that accurate winds, humidity, temperature and precipitation are coincident in 

gridded products, even though these are necessary for correctly calculating water and energy budgets (Fischer and Knutti, 

2012).  Furthermore, research watershed observations such as those from Baker Creek often capture landscape unit 

variability that provide opportunities for testing algorithms in land surface schemes that gridded products cannot achieve. 

 45 

The Baker Creek Research Watershed exists to address these ongoing needs for hydrological and hydrometeorological data 

and information.  Observations and institutional research summarized here began in the early 2000s, but hydrological 

research activity in the watershed extends from the 1970s (Landals and Gill, 1972; Gibson et al., 1998).  The data and 

information produced at the Research Watershed are meant to complement knowledge held by Indigenous peoples who have 

an intimate understanding of the environmental processes of the region, and there have been opportunities for knowledge 50 

exchange.  There have been two previous data releases (Spence and Hedstrom, 2018; Spence and Hedstrom, 2021).  The data 

in this new release contain foundational information of how environmental systems may be changing as the time series is 

becoming long enough to have captured extremes, precipitation cycles, and a warming trend. 

 

2 Watershed description 55 

 

The Baker Creek Research Watershed is located on the traditional lands of the Yellowknives Dene, Tłı̨chǫ and North Slave 

Métis and is part of Treaty 11 and Canada’s Northwest Territories.  Baker Creek is characterized by numerous lakes 

connected by short streams and drains ~165 km2 to Great Slave Lake.  The Research Watershed is a 155 km2 portion 

upstream of the Water Survey of Canada (WSC) hydrometric gauge Baker Creek at the outlet of Lower Martin Lake 60 

(07SB013) (Figure 1).  The watershed contains discontinuous permafrost, which is present within glaciolacustrine clays, 

outwash and organic deposits, but absent below water bodies, exposed bedrock ridges and well-drained glaciofluvial sands 

(Morse et al., 2016).  The thickness of overburden is as little as less than 1 m.  Drilling into the overburden for well or 



3 

 

borehole installations rarely involves drilling greater than 10 m before encountering bedrock.  A ubiquitous organic soil layer 

is ~ 0.25 m thick over fine grained soils.  The most common tree species are black spruce (Picea mariana), jack pine (Pinus 65 

banksiana), tamarack (Larix laricina), and paper birch (Betula neoalaskana/papyrifera) and the understory is dominated by 

alder (Alnus), Labrador tea (Rhododendron groenlandicum), moss (Sphagnum spp.) and lichen (Cladonia spp.).  Land cover 

data described in earlier data releases (Spence and Hedstrom, 2018) show that most of the watershed is exposed Precambrian 

bedrock (40%) and water (23%), followed by forested hillslopes (either coniferous or deciduous) (21%) and wetlands (16%).  

The watershed has relatively little relief as elevations range from 200 to 266 masl.  Details of a 2007 Light Detection and 70 

Ranging survey are provided in Spence and Hedstrom (2018) and the 10 m digital elevation model was part of data release 

V.1.   Climate normals (1990-2020) published by the Meteorological Service of Canada for the climate station Yellowknife 

A 15 km from the watershed suggest a cold continental climate with January daily average air temperatures of -26°C and 

July daily average air temperatures of 17°C.  Thirty-nine percent of the 294 mm of annual unadjusted precipitation falls as 

snowfall..  For much of the period of record (1983 – 2024) at WSC station 07SB013, the streamflow regime could be 75 

described as subarctic nival (Woo, 1986) but Spence et al. (2025) documented a shift near the turn of the century to a cold 

season pluvial regime as more than half the annual streamflow now occurs in winter.  Annual average streamflow is 45 mm 

or 0.22 m3/s, which equates to an annual runoff ratio of 0.14.  The streamflow regime is not necessarily tempered by the 

~350 lakes as the standard deviation is 35 mm or 0.17 m3/s, and annual runoff ratios range from 0.0006 to 0.34.  The highest 

streamflow on record at 07SB013 is 8.7 m3/s but as discussed below there can be prolonged periods of zero flow.   80 
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Figure 1. Extent of the Baker Creek Research Watershed illustrating land cover distribution and locations of 

instrumentation.  Background may layer powered by ESRI using sources from ESRI Canada, TomTom, Garmin, 

SafeGraph, METI/NASA, USGS, EPA, USDA, NRCan, Parks Canada and Esri. 85 
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3 Hydrometeorological data and conditions 

 

Climate tower installations at Baker Creek are stratified by land cover (Table 1).  The primary climate towers occupy 90 

bedrock, lake and forested areas.  These three landscape types occupy the majority of the watershed (84%).  All have been 

equipped with eddy covariance systems for at least a portion of their lifespan.  The original forest tower was a tripod 

structure installed in 2014, which was upgraded to include eddy covariance sensors in 2023 and shifted to a taller scaffolding 

structure.  Towers described in Spence and Hedstrom (2018) were replaced because of beaver-induced flooding at Landing 

Lake that began in 2019, and the bedrock tower collapsing in 2021.  The lake tower was relocated to higher ground on an 95 

island in 2022 after ice shove removed the original.  The bedrock tower was relocated in 2023 to a ridge on the drainage 

divide of the watershed in which the forest tower resides. During this period of renewal, instrumentation was upgraded and 

aligned among all three towers (Table 2; Figure 2). Radiometers (Kipp and Zonen CNR4’s) are mounted to face south.  

Wind speed and direction are measured with RM Young 05013 wind sensors and surface temperatures with Apogee SI-111 

infra-red thermometers.  There are Texas Instruments TE525M tipping buckets at each tower, the data from which are 100 

discussed in the next section.  The eddy covariance systems are Campbell Scientific IRGASONs with integrated 3D sonic 

anemometer and H2O and CO2 gas analyzers.  Only the sensible and latent heat fluxes are published as part of this data 

release.  High frequency measurements are at 10 Hz and block averaged and reported half hourly to align with the 

meteorological data.  Corrections to the eddy covariance measurements include coordinate rotation (Kaimal and Finnigan, 

1994), the Webb–Pearman–Leuning (WPL) adjustment (Webb et al., 1980), sonic path length, high frequency attenuation 105 

and sensor separation (Massman, 2000; Horst, 1997) and analytic correction for filtering effects were computed following 

Moncrieff et al. (1997; 2005).  Spikes in the half hourly data were identified as those greater than the absolute value of the 

mean plus or minus 3.5 times the standard deviation over a moving, overlapping window of 2 days, and removed. The 

released data have not been adjusted for energy budget closure, which can be poor with eddy covariance systems.  Spence et 

al. (2024) report energy budget closure at these towers of approximately 0.83.  There are numerous gaps in the record 110 

because of sensor malfunction or loss of power.  None of the gaps have been filled.  The stations typically operate from April 

through October but have remained running through some winters if data were required for specific research projects (e.g., 

Rafat et al., 2023).   

 

Table 1. List of monitoring locations in the Baker Creek Research Watershed 115 

Site Land cover Latitude Longitude 

Snow courses 

Vital Lake Water 62.6087° -114.4489° 

Ryan Lake Water 62.5868° -114.3709° 

North wetland Wetland 62.6529° -114.4800° 

Landing portage Coniferous forest  62.5483° -114.4051° 
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Jack pine above Vital Lake Coniferous forest  62.6227° -114.4564° 

Outcrop above camp Exposed bedrock 62.5937° -114.4387° 

Outcrop near Ryan Lake Road Exposed bedrock 62.5689° -114.3639° 

Landing Lake east shore Deciduous forest  62.5631° -114.4001° 

Climate towers 

Camp Bedrock Exposed bedrock 62.5956° -114.4386° 

Landing Lake Water 62.5615° -114.4012° 

Camp Hillslope Coniferous forest 62.5958° -114.4415° 

Camp Geonor Coniferous forest 62.5939° -114.4365° 

Camp snow scale Coniferous forest 62.5938° -114.4372° 

Duckfish Lake tipping bucket Water 62.6476° -114.4477° 

Camp Hillslope snow depth Coniferous forest 62.5958° -114.4415° 

Hydrometric gauges 

Baker Creek at outlet of Landing Lake -- 62.5499° -114.4005° 

Baker Creek at Vital Narrows -- 62.5877° -114.4251° 

Outlet of Lake 690 -- 62.5946° -114.4436° 

Baker Creek above Vital Lake -- 62.6190° -114.4545° 

Baker Creek at outlet of Duckfish Lake -- 62.6476° -114.4477° 

Ground temperature and moisture nests 

Hillslope borehole Coniferous forest  62.5953° -114.4408° 

Hillslope array Coniferous forest  62.5956° -114.4416° 

 

Table 2. Sensor suites at the active climate stations in the forested hillslope, bedrock ridge, and at Landing Lake. All 

heights above ground are in meters.  Dates each station became operational are provided in the text. n/a denotes a 

sensor that is not deployed on the tower. 

  Bedrock Lake Forest 

Variable Sensor Height (m) 

Ta (°C) and e (kPa) HygroVue101 5.3 3.3 8.6 

Ts (surface) SI-111_SS2 6.1 3.2 8.2 

Turbulent fluxes (W/m2) IRGASON1 6.1 3.0 8.4 

Incoming and outgoing short and 

long wave radiation components 

(W/m2) 

CNR43 6.1 3.2 8.4 

Net radiation (W/ m2) NRLite3 n/a n/a 8.4 

Wind speed (m/s) 014A4 n/a n/a 8.8 

Wind speed (m/s) 051035 6.2 3.5 8.8 

Wind direction (°C) 051035 6.2 3.5 8.8 

Atmospheric pressure (kPa) IRGASON1 6.1 3.0 8.4 

Rainfall (mm) TE525M6 2.75 2.0 8.2 
1Manufactured by Campbell Scientific, Logan, UT, USA 120 
2Manufactured by Apogee, Logan, UT, USA 
3Manufactured by Kipp and Zonen, Delft, The Netherlands 
4Manufactured by Met One, Grants Pass, OR, USA 
5Manufactured by RM Young, Traverse City, MI, USA 
6Manufactured by Texas Instruments, Dallas, TX, USA 125 
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Figure 2. Climate towers a) on the bedrock ridge; b) at Landing Lake and c) the coniferous forested lower hillslope.  130 

Inserts illustrate tower footprints within which 90% of the measurement tends to occur. 

 

There is strong seasonality in the energy budget at this latitude.  Net radiation remains negative from late October to early 

April.  The spring increase in net radiation is delayed over lakes until the ice cover disappears in May or June.  There are 

notable differences in energy budgets among the three landscape units (Figure 3).  Bowen ratios at the terrestrial towers are 135 

consistently above one and growing season averages often exceed 2.5 (Table 3), which has been observed elsewhere in 

Canada’s subarctic (Eaton et al., 2001).  There is higher growing season net radiation over the forest because of lower 

albedos, especially in the late spring and early summer, enhancing turbulent fluxes relative to the bedrock.  Bowen ratios 

would be expected to be higher and the portion of net radiation as latent heat lower on the drier upper bedrock ridges, but 

conditions have been dry since eddy covariance systems were installed in the forest (described in the section on precipitation 140 

and snow), so the division of net radiation is more similar between the forest and bedock than documented during wetter 

periods (Spence et al., 2024).  The lake energy budget differs substantially from terrestrial sites with Bowen ratios less than 

unity and sustained turbulent fluxes later into the year as Landing Lake remains open into late October and November, well 

after senescence (Figure 3; Table 3).  The high fraction of lakes increases watershed scale evapotranspiration 26% above 

what it would be if they were absent, a reasonable estimate in comparison to data reported for the region by Rouse et al. 145 

(2005). 
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Figure 3. Average daily net radiation (Q*), sensible heat (Qh) and latent heat (Qe) measured at each of the three 

major climate towers.  The shorter time series available at the forest is reflected in the higher daily variability. 

 150 
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Table 3. Monthly average net radiation, latent and sensible heat fluxes including one standard deviation and Bowen 

ratios () measured at the three active climate stations.  All units are in W/m2.   
Month Lake Bedrock Forest 

 Q* Qe Qh  Q* Qe Qh  Q* Qe Qh  

J -13±5 0.2±2 -3±4 -15     -4±4    

F -13±8 0.4±1       -0.1±6    

M -17±9 2±2       27±30    

A 9±20 9±4 -3±4 -0.33 53±26 10±3 30±8 3 97±24 9±3 82±18 9.1 

M 118±32 32±21 -0.5±11 -0.02 132±13 16±3 69±14 4.3 148±30 19±6 74±20 3.9 

J 134±12 78±10 23±6 0.29 138±11 23±3 73±7 3.2 156±37 29±4 88±28 3.0 

J 109±11 79±12 19±5 0.24 115±8 23±3 57±6 2.5 127±35 27±5 70±21 2.6 

A 62±17 58±11 17±5 0.29 77±15 21±4 36±10 1.7 93±31 23±5 57±21 2.5 

S 19±12 37±10 16±9 0.43 34±13 15±3 15±7 1 38±20 21±7 25±15 1.2 

O -11±7 19±10 12±8 0.63 2±16 7±6 1±9 0.14 -3±12 3±7 9±20 3 

N -19±6 2±2 -1±3 -0.5 -8±12 1±8 -5±6 -5 -2±5 -3±7 -6±5 2 

D -11±5 1±3 -2±5 -2         

 

The temperature record from Baker Creek and the longer term nearby MSC station Yellowknife A have both documented 

clear warming trends (Figure 4). A ~0.5°C/decade warming has been observed in average annual temperatures at 155 

Yellowknife since the turn of the century, with the trend extending to the beginning of the record in the mid-20th century.  

The most intact air temperature record at Baker Creek is from mid-summer (July 1 to August 15).  The shorter record from 

the bedrock tower implies faster recent summer temperature warming but this is tempered when compared to the longer 

record measured at Yellowknife A.   It is this warming that has created the conditions necessary for the change in streamflow 

regime documented by Spence et al. (2025) with data described below.    160 

 

Figure 4: Annual air temperatures (Ta) from 1943 to 2024 at the Meteorological Service of Canada station 

Yellowknife A (lower panel), and summer air temperatures (upper panel) also measured Yellowknife A and at the 

bedrock ridge climate towers from 2003 to 2025.  Lines of best fit are included with the shaded area denoting the 90% 

confidence bounds. 165 
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4 Precipitation and snow  

 

There are a variety of precipitation sensors deployed through the watershed.  As noted above, TE525M tipping buckets are 

located at each of the main climate towers.  Additional tipping buckets are co-located with the Duckfish and Landing Lake 170 

hydrometric gauges described below (Table 1).  To improve measurement of solid precipitation a one-wire Geonor T-200B 

series all weather precipitation gauge with an Alter shield was added to the CR1000 data logger at the Vital Lake 

hydrometric gauge in October 2014. Post-processing of the raw data from the sensor includes filtering for negative values, 

removal of trace events below 0.2 mm and adjustments for wind-induced undercatch (Kochendorfer et al., 2017).  A 

Campbell Scientific SR50 snow depth sensor was installed at the forest tower in October of 2014.  Finally, in October 2022 a 175 

Sommer SSG snow scale was added to the watershed instrumentation suite.  The snow scale sensor provides a single channel 

analog signal to a Campbell Scientific CR1000 data logger; logging averages half hourly.  The released dataset is the half 

hourly data aggregated daily (Figure 5).  

 

 180 

Figure 5. Precipitation time series from April 2005 to Dec 2024 from (top to bottom); maximum daily rainfall from 

the tipping buckets, daily precipitation from the Geonor weighing gauge, snow depth measured at the forested 

hillslope tower, snow water equivalent measured at the snow scale, and watershed average snow water equivalent 

measured using the annual snow survey. Gaps in rainfall, precipitation, snow depth and snow water equivalent time 

series because of sensor inoperability or inactivation are evident from breaks in the time series. 185 
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Each spring (except 2006) a land cover stratified spring maximum snow survey has been conducted (Figure 5; Table 1).  

Within each of the five land cover types, there is at least one 25-point snow course.  Depth is recorded using a 1 cm 

graduated aluminum rod at each point, which are at least 10 m apart.  At each fifth depth measurement a sample is taken 

using an ESC-30 snow corer and weighed.  Snow depth (m) and density (kg/m3) are averaged and used to estimate snow 190 

water equivalent (mm) at each course for each land cover type.  The watershed wide average is calculated by pro-rating these 

estimates by the land cover fraction in the watershed.  Spring snowpacks are rarely over 60 cm deep, and do not exhibit 

covariance between depth and density (Pomeroy and Gray, 1995).  

 

Between 2025 and the earlier v.1 data release in 2018, annual precipitation ranged from a high of 322 mm in 2019 to a low 195 

145 mm in 2023.  The precipitation cycles are evident in both the rainfall and total precipitation records, with drought 

conditions from 2014-2015 and post-2020.  Snowpacks do not exhibit the same cyclicity, so dry conditions are differentiated 

from wet by a lack of rain.  The record captures the wettest June on record in Yellowknife when 115 mm fell; 40% of the 

annual average precipitation in one month.  

 200 

5 Soil climate 

 

In data release v.1 (Spence and Hedstrom, 2018) soil moisture and temperature was reported from a network of six EM50 

ECH20 data loggers with Decagon 5TM capacitance soil moisture and temperature sensors at the ground surface (i.e. 1 cm 

depth) and 25 cm depth installed among landscape types.  These systems proved to be difficult to maintain.  In October 2014 205 

a soil moisture/temperature array was installed at a representative coniferous forest hillslope within the footprint of the forest 

climate tower.  This nest includes seven profiles within a 100 m2 rectangular area with measurements at the surface and at 15 

cm, 30 cm and 45 cm depth using Stevens Hydraprobes wired to a CR1000 data logger.  Soil moisture values are calibrated 

using site and soil depth specific correction curves.  While data are logged every 10 minutes, data reported in this release are 

dailys.   210 

 

These data from the soil array provide new information on the soil climate (Figure 6).  Soil thaw begins the second half of 

April (day 105).  Surface temperatures approach 13°C by the end of June (day 180).  The soil column is warmest around the 

end of August (day 240).  Surface soils freeze by the end of October, but soils at depth require at least another month to 

freeze.  The average conditions illustrated in Figure 6 smooth out annual peaks from snowmelt inputs to the soil column, 215 

which tend to increase soil moisture in mid to lake April.  This moist layer is kept closer to the surface by the frost table and 

drier conditions at depth early in the warm season reflect frozen conditions.  The surface remains dry, with water draining to 

depth as the frost table descends.  Wetter conditions in the fall with lower evaporative demand permits rainfall to wet the 

soil.  However, the near surface, on average, freezes with very little soil moisture.   



12 

 

 220 

Figure 6. Average daily soil temperature in °C (top) and volumetric liquid water fraction (bottom) measured at the 

hillslope soil array (2014 to 2025). 

 

While the soil array provides some information on shallow soil conditions, it was unable to reliably capture active layer 

depth or other permafrost traits.  To address a data gap of permafrost characteristics in the research watershed, a borehole 225 

was drilled in October 2024 using a Talon system to ~3 m depth on the same hillslope ~50 m from the soil array.  An area 

with a more open canopy was selected to provide room for the drill operations.  A ¾” casing capped at the bottom was 

inserted to a depth of 1.9 m before encountering resistance from material that had sloughed into the borehole.  Campbell 

Scientific 107B thermistors were inserted at 0.25 m intervals from 1.9 m to 0.5 m depth and 0.1 m intervals from 0.5 m to 

0.1 m depth.  Silicon oil was used to backfill the inner casing.  Sand was used to backfill the borehole outside the casing, 230 

with bentonite sealing the casing at the ground surface.  Brown and Gruber (2025) have proposed a diversity of metrics with 

which to assess permafrost state. Table 4 lists these metrics from the initial year of data (Figure 7) that suggest the mean 

annual ground temperature is -0.81°C, the top of permafrost is near 108 cm and the depth of zero annual amplitude is near 

230 cm.  These values are within the range of those documented in the region by Karunaratne et al. (2008). 
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 235 

Figure 7. Trumpet plot of ground temperatures measured at the hillslope borehole from October 2024 to October 

2025. 

 

Table 4. Permafrost metrics for the period October 2024 – October 2025 at the hillslope borehole.  MAGST is mean 

annual ground surface temperature, MAGT is mean annual ground temperature, 𝝉̅ is the thermal integral, dza 240 

denotes the depth of zero annual amplitude in temperature and TOP is the top of permafrost. 

Metric °C Depth (cm) 

MAGST -0.89  

MAGT -0.76  

𝜏̅ -0.59  

dza  220 

TOP  108 
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6 Streamflow 

 245 

There are six hydrometric gauges in nested configuration on Baker Creek and its tributaries (Table 5).  The furthest 

downstream gauge Baker Creek at the outlet of Lower Martin Lake has been operated by the Water Survey of Canada 

(07SB013) since 1983, with data available from https://wateroffice.ec.gc.ca.  The bedrock nature of the cross section at the 

bottom of Lower Martin Lake results in a nearly complete record of high quality streamflow data foundational to research 

watershed operations.  Expansion of the hydrometric gauge network began in 2003 with the installation of Baker Creek at 250 

the outlet of Landing Lake and culminated in 2009 with the start of observations at Baker Creek at the outlet of Duckfish 

Lake. Initial installations were seasonal as unvented Solinst Levelloggers were used with partner Barologgers deployed at a 

central location in the watershed.  Sites were slowly upgraded (Table 5) to continuous operation with the installation of 

Campbell Scientific CS451 pressure transducers, operated with Campbell CR1000 data loggers.  Permanent benchmarks 

have always been used that allow stages to be referenced to datum.  Arbitrary local datum were used initially, but Baker 255 

Creek was selected as a Canadian calibration/validation site for the Surface Water Ocean Topography satellite mission so 

four gauges now employ benchmarks installed in bedrock referenced to meters above sea level using orthometric heights in 

CGVD2013 and spatially referenced to NAD83.  Water levels are surveyed at least quarterly each year and these surveys are 

used to convert the half hourly water depth data stored on the data loggers to water stage.  Half hourly stage data are 

aggregated to daily values which are converted to streamflow data using stage-discharge rating curves constructed using 260 

coincident velocity-depth measurements with a SonTek Flowtracker.  Streamflow measurements have been taken during 

open water conditions opportunistically to capture the range of observed stage.  Regression coefficients of stage-discharge 

curves are not less than 0.92 but error in daily estimates can be as high as 25 – 30% (Spence et al., 2010).  The stage-

discharge curves are not applied during periods of ice cover, backwater and beaver activity and this creates gaps in the daily 

time series.  Notably, beavers built a dam at the outlet of Landing Lake in 2019 after which streamflow estimates are 265 

unavailable from that gauge.  To improve streamflow estimates at Baker Creek at Vital Narrows during the common 

backwater conditions there each summer, a SonTek Argonaut-SW was installed in 2011 to measure velocities half hourly.  

An aufeis can form below the gauge Baker Creek above Vital Lake in the wet years, blocking the channel downstream.  

Alsafi et al. (2024) summarizes the method to identify these conditions and estimate streamflow as aufeis forms and 

degrades.  No gaps in the streamflow record have been filled.  These gaps include instances of known zero flow that do not 270 

appear in the official record.  

 

 

 

 275 

 

https://wateroffice.ec.gc.ca/
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Table 5. Hydrometric gauges in the Baker Creek watershed, including their location, drainage areas and benchmark 

elevations. Water depth instruments deployed at each hydrometric gauge.  Note that Baker Creek at the outlet of 

Duckfish Lake and above Vital Lake, and Moss Creek were ungauged prior to 2008, and Baker Creek at the outlet of 

Lower Martin Lake has been gauged since 1983.  All sensors have a measurement uncertainty of ±0.3 cm except for 280 

the DISI 1210, which has a measurement uncertainty of ±0.1 cm. 

Period Baker Creek 

at the outlet of 

Duckfish 

Lake 

Baker Creek 

above Vital 

Lake 

Moss Creek at 

the outlet of 

Lake 690 

Baker Creek at 

Vital Narrows 

Baker Creek at 

the outlet of 

Landing Lake 

Baker Creek at 

the outlet of 

Lower Martin 

Lake 

Drainage 

area (km2) 

25.2 36.6 9.3 102.0 128.6 155.6 

Location 62° 38’ 49.7” N 

114° 26’ 59.2” W 
62° 37’ 8.4” N 

114° 27’ 16.2” W 

 

62° 35’ 39.5” N 

114° 26’ 33.3” W 
62° 35’ 16.2” N 

114° 25’ 29.7” W 
62° 33’ 24.7” N 

114° 24’ 14.7” W 
62° 30’ 48.7”N 

114° 24’ 40.0” W 

Elevation 

(masl) 

233.595 n/a 213.736 205.078 203.0 n/a 

       

2003 - 2007 n/a n/a n/a Levellogger1 Levellogger CS4512 

2008 - 2010 Levellogger Levellogger Levellogger CS451 CS451 DISI 12103 

2011 - 2016 CS451 

Argonaut-SW4 2017 - 2025 CS451 CS451 CS451 
1Manufactured by Solinst, Georgetown, ON, Canada 
2Manufactured by Campbell Scientific, Logan, UT, USA 
3Manufactured by Tavis Corporation, Maroposa, CA, USA 
4Manufactured by Sontek, San Diego, CA, USA 285 

 

These streamflow data have proven useful for use within hydrological and water quality process studies and model testing 

(Sharma et al., 2023; Spence et al., 2010; Phillips et al., 2011; Spence et al., 2024; Alsafi et al., 2024; Palmer et al., 2021).  

The non continuous nature of the data (Figure 8) makes it difficult to construct a continuous record of yield. However, the 

years 2017 – 2022 provide a near uninterrupted record from all six hydrometric gauges that can be used to demonstrate 290 

streamflow behaviour across the watershed.  The record from the WSC gauge provides long-term context for these six years 

and shows the beginning and end of this subset are defined by dry conditions, with average streamflow in 2018 and 2021 and 

2019-2020 above average (Table 6).  The dry conditions are epitomized by zero flows from Duckfish Lake in 2017 and 

2018, but these began in 2015 when the water level dropped below the outlet elevation after the beginning of meteorological 

drought in 2013 (Figure 8) (Spence et al., 2021). This dry state during which large portions of the watershed are 295 

disconnected from the watershed outlet is a common trait of Baker Creek and the broader Taiga Shield landscape (Spence et 

al., 2010).  Watershed runoff depths vary widely as streamflow released from individual lakes can behave independent of 

one another, especially during periods of disconnectivity caused by drought. Runoff is controlled by the relative geometry 

and topology of the storage capacity among landscape units (i.e., exposed bedrock, downslope forests, wetlands and water 

bodies) and the hysteretic, non-linear relationships between streamflow and antecedent wetness (Spence et al., 2010; Phillips 300 

et al., 2011).     



16 

 

 

Figure 8. Daily streamflow at the nested hydrometric gauges. 
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Table 6: Annual average streamflow (m3/s) and runoff (mm) at each hydrometric gauge in the Baker Creek Research 

Watershed for the period 2017-2022.  Streamflow was not calculated for 2020-2022 at the outlet of Landing Lake 305 

because of beaver activity and is not available (n/a). 

 Baker Creek at 

outlet of 

Lower Martin 

Lake 

Baker Creek at 

outlet of 

Landing Lake 

Baker Creek 

at Vital 

Narrows 

Baker Creek 

above Vital 

Lake 

Moss Creek 

at outlet of 

Lake 690 

Baker Creek at 

outlet of 

Duckfish Lake 

m3/s   
    

2017 0.08 0.14 0.15 0.02 0.01 0 

2018 0.21 0.24 0.24 0.03 0.02 0 

2019 0.32 0.35 0.35 0.02 0.03 0 

2020 0.34 n/a 0.47 0.05 0.05 0.02 

2021 0.24 n/a 0.20 0.04 0.04 0.06 

2022 0.13 n/a 0.20 0.02 0.01 0.01 

       

mm       

2017 16 35 47 16 25 0 

2018 42 58 73 27 51 0 

2019 65 86 109 17 95 0 

2020 68 n/a 144 43 185 25 

2021 49 n/a 60 33 150 74 

2022 26 n/a 60 15 43 8.5 

 

7 Summary 

 

The data in this release are the culmination of >20 years of observation of water and energy budgets in a representative 310 

subarctic Canadian Shield watershed.  These data are provided to facilitate investigation of environmental processes, 

medium-term patterns and potential changes in this extensive landscape. They have proven fit for purpose in support of 

research of lake evaporation (Granger and Hedstrom, 2011) lake ice dynamics (Rafat et al., 2023), permafrost state 

(Muenchrath et al., 2024), terrestrial ecosystems (Sniderhan et al., 2023; Perron et al., 2024; Spence et al., 2024); aufeis 

processes (Alsafi et al., 2023), wildfire impacts (Spence et al., 2020), water chemistry processes and prediction (Palmer et 315 

al., 2024; Spence et al., 2015; Sharma et al., 2023) and remote sensing of regional water levels (Pietroniro et al., 2019).   

Data availability 

The Federated Research Data Repository provides a single online location from which Canadian research data are shared, 

preserved, discovered, curated and cited.  The data described here are available at: https://doi.org/10.20383/103.01579 

(Spence and Hedstrom, 2026). 320 

https://doi.org/10.20383/103.01579
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